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Available online 20 November 2012AbstractBackground: Nigella sativa is a spice consumed in India. It has been used in folk medicine for protection against liver diseases in Ayurveda, the
Indian system of medicine.
Purpose: The objective of the study is to examine the pre- and post-treatment effects of N. sativa against carbon tetrachloride (CCl4)-induced
liver damage in rats.
Methods: A 10% aqueous extract of N. sativa was administered to CCl4-treated male Wistar rats for 28 days. Hepatoprotective activity was
assessed by using various enzymatic antioxidants and histopathological studies.
Results: The subsequently elevated enzymatic levels of aspartate transaminase, alanine transminase, alkaline phosphatase, acid phosphatase, and
lactate dehydrogenase were significantly restored toward normalization by the 10% aqueous extract of N. sativa. The extract shows significantly
increased cellular glutathione level and antioxidant enzymes levels such as superoxide dismutase, catalase, peroxidase, glutathione peroxidase,
and glutathione reductase, and inhibited malondialdehyde generation in CCl4-treated rats. Phytochemical analysis revealed the presence of
phenols, flavonoids, and saponins, which are known for their hepatoprotective activities.
Conclusion: N. sativa possesses significant protective effects against hepatotoxicity induced by CCl4, which may be attributed to the combined
action of phytoconstituents present in N. sativa.
Copyright  2012, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Humans are continuously exposed to different kinds of
chemicals such as food additives, industrial chemicals, pesti-
cides, and other undesirable contaminants in the air, food, and
soil.1 Carbon tetrachloride (CCl4) is a well-known hep-
atotoxicant and has been frequently used for generating liver
injury in rat models.2 The liver is a vital organ of the human
body which detoxifies exogenous xenobiotics, drugs, viral
infections, and chronic alcoholism. While performing several
detoxifications, the liver undergoes stress, leading to liver
diseases ending in liver failure and serious health problems* Corresponding author.
E-mail address: suriyavathana@gmail.com (S. Muthukrishnan).
2211-5587/$ - see front matter Copyright  2012, Taiwan Society of Emergency
http://dx.doi.org/10.1016/j.jacme.2012.09.001and death. Hepatotoxicity is a severe disease that can ulti-
mately lead to liver cancer.3 This disease remains prevalent in
industrial areas, despite the large amount of research that has
been directed toward evaluating the hepatoprotective effects of
natural plant preparations for the purpose of developing
effective phytochemical agents. Studies have demonstrated
that dietary intake of a variety of plant phytochemicals confers
inhibitory effects against oxidative damage.4 Herbs have
recently become attractive as health beneficial foods (physi-
ologically functional foods) and as a source material for the
development of drugs. Herbal medicines derived from plant
extracts are being utilized increasingly to treat a wide variety
of clinical diseases, with relatively little knowledge regarding
their modes of action.5 The selected seed has undergone
extensive phytochemical investigations, and the presence of
a variety of chemical constituents such as phenolic acid,Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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and roots has been studied.6 N. sativa seed oil contains
significant amounts of sterols, and the oil is rich in b-sitosterol
that inhibits the absorptionof dietary cholesterol.7 Similarly,
phytopharmacological evaluation showed that it has anti-
asthmatic,8 neuropharmacological,9 and immune modulatory
effects.10 Natural remedies from medicinal plants are consid-
ered to be effective and safe alternative treatments for hepa-
totoxicity. In view of this, the aim of the present study was to
explore the effects of N. sativa on the prevention and treatment
of liver injury induced by CCl4 in rats; in addition, the levels
of liver marker enzymes in serum, malondialdehyde (MDA)
content, and the activities of antioxidants were measured in
order to investigate its possible mechanisms.2. Methods2.1. ChemicalsCCl4 and thiobarbituric acid were obtained from Merck
Ltd. (Coimbatore, Tamilnadu, India). Antioxidant enzymes
chemicals were procured from SD Fine Chemicals and Ran-
baxy (Coimbatore, Tamilnadu, India).2.2. Preparation of plant extractThe seeds of N. sativa were purchased from an ayurvedic
shop located at Coimbatore, India. The seeds were cleaned,
dried, and powdered well and then used to prepare 10%
aqueous extract using the Soxhlet apparatus. The concentrated
sample was dissolved in sterilized distilled water before oral
administration by gavage to the experimental animals.2.3. Preliminary phytochemical analysis
2.3.1. High performance thin layer chromatography
analysis
2.3.1.1. Test solution preparation. The given extract was
centrifuged at 3000 rpm for 2 minutes, after which the
supernatant liquid was collected. Sample loading: 1.5 mL of
the supernatant solution and 2 mL of standard solution were
loaded as 5 mm band length in the 5  10 silica gel 60F254
TLC plate (Sigma, Bangalore, India) using a Hamilton syringe
and Camag linomat 5 instrument (Sigma).
2.3.1.2. Spot development. The sample-loaded plate was kept
in the TLC twin trough developing chamber (after saturation
with solvent vapor) with the respective mobile phase (flavo-
noid, phenol, and saponin), and the plate was developed in the
respective mobile phase up to 90 mm.
2.3.1.3. Photo-documentation. The developed plate was dried
by hot air to evaporate the solvents from the plate. The plate
was kept in a photo-documentation chamber (Camag reprostar3; Sigma), and the images were captured at white light, UV
254 nm, and UV 366 nm.
2.3.1.4. Derivatization. The developed plate was sprayed with
spray reagent and dried at 100C in a hot air oven. The plate
was photo-documented at daylight and UV 366 nm using
photo-documentation (Camag reprostar 3) chamber.
2.3.1.5. Scanning. After derivatization, the plate was fixed in
scanner stage (Camag TLC Scanner 3; Sigma), and scanning
was done at UV 366 nm.2.4. Experimental moduleToxicity studies were performed using male Wistar rats
with an average weight of 120e150 g, which were
purchased from Perundurai Medical College (Perundurai,
Tamilnadu, India). The rats were housed in large spacious
cages, which were environmentally controlled (25  2C,
12-h lightedark cycle), with free access to food and water
ad libitum (ethical clearance number is 1282/ac/09/cpcsea).
Rats were fed with standard laboratory chow diet during the
study. Rats were divided into four groups of six animals
each.
 Group I served as control.
 Group II received CCl4 1 mL/kg/bw (0.14 mL, IP, at 72-
hour intervals for 14 days).
 Group III rats with CCl4 (0.14 mL, IP, at 72-hour intervals
for 14 days)-induced liver damage were additionally given
10% aqueous extract of N. sativa orally for 28 days.
 Group IV rats were pretreated with 10% aqueous extract
of N. sativa for 28 days and then injected with CCl4
(0.14 mL, IP, at 72-hour intervals for 14 days).
At the end of the experimental period, the rats were
sacrificed via cervical decapitation. Blood was collected and
then allowed to clot, and serum was separated at 2500 rpm for
15 minutes for further biochemical investigations. For each
animal, the liver was dissected out and used for histopatho-
logical studies.2.4.1. Serum biochemical assays
The following parameters were analyzed to evaluate the
hepatotoxicity of N. sativa using the methods described
below. Assays of apartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), acid phos-
phatase (ACP), and lactate dehydrogenase (LDH) were
determined by various methods,11e14 respectively. Determi-
nation of antioxidant activity included superoxide dis-
mutase,15 catalase,16 peroxidase,17 glutathione reductase,18
glutathione peroxidase,19 glucose-6-phosphate dehydroge-
nase,20 reduced glutathione,21 and total sulfydryl group.22
MDA in liver homogenate was determined by their action
with thiobarbituric acid and used as an index of lipid perox-
idation (LPO).23
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After the experimental period, animals were decapitated,
and their livers were removed immediately, then sliced, and
washed in saline. For histopathological analysis, liver speci-
mens fixed in 10% formalin were embedded in paraffin, sliced
at 5-mm thickness, and stained with hematoxylin and eosin
(100) for detection of hepatic damage. The pathological
changes were assessed and photographed.2.5. Statistical analysisAll experimental values were expressed as mean  SD.
Results were assessed by analysis of variance and Dunnett’s
multiple comparison test. Differences were considered
significant at p < 0.05.3. Results3.1. High performance thin layer chromatography
fingerprint profileFig. 1. Densitogram display of rutin standard (phenol) and aqueous extract of
Nigella sativa (scanned at 254 nm).Preliminary qualitative phytochemical screening showed
the presence of phenols, flavonoids and saponins in N. sativa
by the method high performance thin layer chromatography
(HPTLC) fingerprint profile. Rf values and the relative
percentage of the separated compounds were recorded. Anal-
ysis results of phenols, flavonoids, and saponins in N. sativa
are recorded in Table 1. The fluorescent zone was detected in
UV before and after derivatization in the chromatogram at UV
366 mode in the sample track and reference (rutin, quercetin,
and saponin) track (Figs. 1e3), which confirmed the presence
of phenols, flavonoids, and saponins as compared with rutin,
quercetin, and saponin in the given plant extract. The Rf value
of N. sativa was found to be 0.07, 0.36, 0.47, 0.55, 0.64, and
0.73 peaks of 2, 5e9 as confirmed phenols in the sample.
Analysis of the HPTLC result confirms that phenols,
flavonoids (Rf value of 0.60, 0.74, and 0.82 and peaks ofTable 1
Peak values of phenols, flavonoids and saponins in Nigella sativa.
Track Peak Rf Height Area Assigned substance
Rutin 1 0.45 59.3 1559.2 Rutin standard
Quercetin 1 0.78 380.9 9481.8 Quercetin standard
Saponin 1 0.17 201.6 6742.8 Saponin standard
N. sativa 2 0.07 182.1 3644.0 Phenolic 1
N. sativa 5 0.36 162.2 11,394.6 Phenolic 2
N. sativa 6 0.47 257.3 13,542.9 Phenolic 3
N. sativa 7 0.55 116.1 5253.8 Phenolic 4
N. sativa 8 0.64 150.5 8809.7 Phenolic 5
N. sativa 9 0.73 459.7 19,858.2 Phenolic 6
N. sativa 9 0.60 299.2 13,761.5 Flavonoid 1
N. sativa 10 0.74 54.0 1701.2 Flavonoid 2
N. sativa 11 0.82 31.4 857.0 Flavonoid 3
N. sativa 1 0.13 80.8 1364.6 Saponin 1
N. sativa 2 0.17 48.0 724.5 Saponin 2
N. sativa 3 0.32 625.9 40,594.4 Saponin 3
Rutin, quercetin and saponin used as a standard for the following secondary
components such as phenol, flavonoid, and saponin were identified by HPTLC.9e11), and saponins (Rf value of 0.13, 0.17, and 0.32 and
peaks of 1e3) were present in considerable amounts, which
are gaining importance in therapeutics. Hence, it is confirmed
that the plant may possess hepatoprotective and antioxidant
activity.3.2. Effect of N. sativa on serum liver marker enzymesThe effect of N. sativa on pre- and post-treatment of CCl4-
induced rats modification in serum ALT, AST, ALP, and ACP
levels is shown in Table 2. CCl4 caused hepatotoxicity in rats
as indicated by an increase in serum ALT, AST, ALP, and ACP
activities before and after CCl4 administration, whereas
animals pretreated with N. sativa exhibited a significant
decrease in the activities of these marker enzymes, N. sativa
administration also reversed the alteration of ALT, AST, ALP,
and ACP levels when compared with the toxic group. Pre- and
post-treatment with N. sativa decreased the elevated levels of
serum LDH activity when compared to those in the toxic
group. Decreased level of protein was observed in the CCl4-
treated group when compared to the control group, whereas
Fig. 2. Densitogram display of quercetin standard (flavonoid) and aqueous
extract of Nigella sativa (scanned at 254 nm). Fig. 3. Densitogram display of saponins standard (saponin) and aqueous
extract of Nigella sativa (scanned at 254 nm).
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increased levels compared to the control group (Fig. 4).3.3. Effect of N. sativa on hepatic antioxidant defense
systemThe hepatic GSH level was reduced following CCl4 injec-
tion. However, supplementation with 10% aqueous extract of
N. sativa restored the decreased level of GSH caused by CCl4
injection similar to the normal level, leading to the conclusion
that N. sativa helped to maintain the same level of GSH
despite CCl4 injection. Beyond GSH depletion, CCl4 also
induced a substantial modification in hepatic antioxidative
enzyme activities. Data showed that decreased levels of
hepatic SOD and GPx activities are the result of CCl4 injected
as pre- and post-treatment in N. sativa groups. The pretreat-
ment group showed an even higher GPx level than the normal
group. In addition, although the observed differences did not
reach statistical significance, the elevated GR and GPx activ-
ities in N. sativa groups indicated that N. sativa has anti-
oxidative and beneficial effects for liver recovery from acute
injury. Interestingly, CAT and PER activity of the N. sativagroups increased at a remarkable rate compared with the
pretreated and treated groups than the control group.3.4. Effect of N. sativa on hepatic oxidative damageTable 3 shows increased hepatic LPO indices in the CCl4-
treated toxic group, which confirms that oxidative damage was
induced. When CCl4 was injected into rats that were pretreated
with N. sativa, levels of LPO in liver were significantly
reduced as compared with those in the toxic group. The
observed pretreated and treated groups show suppression of
oxidative damage in CCl4-injured liver by N. sativa adminis-
tration. This result suggests that N. sativa is antioxidative and
hepatoprotective.
4. Discussion
The study of any herbal drug becomes more significant
when it ameliorates some disease condition. In the present
investigation, the hepatoprotective effect of N. sativa was
studied based on CCl4-induced liver damage in rats. Prelimi-
nary phytochemical analysis of N. sativa showed the presence
Table 2
Effects of N. sativa on serum liver marker enzymes.
Parameter Group I Group II (CCl4) Group III
(CCl4 þ N. sativa)
Group IV
(N. sativa þ CCl4)
Protein 113.82  4.09 72.61  5.63a,** 99.32  2.009b,** 89.90  2.09c,**
ALT 0.40  0.05 1.64  0.16a,** 0.49  0.004b,** 0.64  0.02c,**
AST 0.43  0.09 1.06  0.37a,** 0.44  0.02b,** 0.46  0.005c,**
ALP 3.24  0.52 7.88  0.55a,** 3.07  0.10b,** 5.18  0.25c,**
ACP 2.49  0.25 8.30  3.04a,** 3.86  0.20b,** 4.19  0.68c,*
LDH 0.20  0.04 0.64  0.08a,** 0.26  0.03b,** 0.27  0.01c,**
Values are mean  SD for each group; units: protein mg/g tissue; AST, ALT, and LDHdmmol of pyruvate liberated/min/mg protein; ALP and ACPdmmol of
phenol liberated/min/mg protein. ns ¼ not significant; **p < 0.01; *p < 0.05.
a Group II is compared with Group I.
b Group III is compared with Group II.
c Group IV is compared with Group II.
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effect of N. sativa against CCl4-induced damage is demon-
strated by the reduction in increased serum liver marker
enzymes, and it also associated with a parallel significant
inhibition of elevated hepatic lipid peroxide content and
a significant increase in total sulfhydryl content in liver
tissues. These findings may indicate that inhibition of LPO is
the initial event in the mechanism by which N. sativa
ameliorates CCl4 toxicity and could be ameliorated by
pretreatment with inhibitors of CCl4 metabolism and
antioxidants.24Fig. 4. Histologic results of tissues stained with hematoxylin and eosin (100) unde
(C) CCl4 þ 10% aqueous extract of N. sativa; (D) 10% aqueous extract of N. satiIncreases in AST and ALT serum levels have been attrib-
uted to damage to the structural integrity of the liver.25 They
may be rapidly released from the cytoplasm into the blood
circulation after rupture of the plasma membrane and cellular
damage.26 At a suitable dose, CCl4 causes extensive necrosis
in the liver centrilobular regions around the central veins.27 It
is generally accepted that CCl4 hepatotoxicity results from
activation of CCl4 by the respective specific isozyme of the
cytochrome P450 system in the endoplasmic reticulum of
hepatocytes to form the reactive metabolite, trichloromethyl
radical (CCl3), which covalently binds to macromolecules,r light microscope in CCl4-treated rats: (A) control rats; (B) CCl4-induced rats;
va þ CCl4.
Table 3
Effects of N. sativa on serum antioxidant enzymes.
Parameter Group I Group II (CCl4) Group III
(CCl4 þ N. sativa)
Group IV
(N. sativa þ CCl4)
SOD 7.34  0.29 4.22  0.84a,** 7.13  0.14b,** 5.4  0.33c,**
CAT 88.88  6.58 41.85  4.26a,** 82.16  11.04b,** 71.24  2.39c,**
PER 9.7  1.34 4.80  0.92a,** 8.50  1.40b,** 7.2  0.54c,**
GPx 2.04  0.31 1.35  0.13a,** 1.93  0.22b,** 1.60  0.03c,ns
GR 1.10  0.05 0.63  0.07a,** 1.04  0.13b,** 0.89  0.01c,**
G-6-D 4.36  0.26 1.22  0.13a,** 3.95  0.16b,** 3.64  0.19c,**
Sulfydryl 1.52  0.11 3.18  0.29a,** 2.27  0.19b,** 2.35  0.13c,**
MDA 5.25  0.14 8.35  0.85a,** 5.74  0.11b,** 5.97  0.27c,**
Values are mean  SD for each group. Units: SOD, PERdmmol/min/mg protein; GPxdmmol NADPH oxidized/min/mg protein; CATdmmol H2O2 decomposed/
min/mg protein; GR and G-6-Ddunits/mg protein; MDAdnmol/mL.
ns ¼ not significant; **p < 0.01.
a Group II is compared with Group I.
b Group III is compared with Group II.
c Group IV is compared with Group II.
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reactive trichloromethylperoxy radical (CCl3O2). This, in turn,
initiates peroxidative degeneration of the membrane lipids of
the ER-rich polyunsaturated fatty acids, thereby disrupting the
structure and function of cell membrane.28 AST and ALT,
especially the former, are highly localized in hepatocyte
cytosols.29 The crude ethanolic extracts of N. sativa probably
acted to preserve the structural integrity of the plasma cellular
membrane of the hepatocytes to protect it against breakage by
the reactive metabolites produced from exposure to CCl4. This
prevented further damage to more hepatocytes and hence
reduced further leakage of AST and ALT due to cell
destruction. This may explain the lower levels of these trans-
aminases observed in rats treated with the N. sativa extracts
before and after exposure to the toxin.
LPO is one of the principal causes of CCl4-induced liver
injury and is mediated by the free radical derivatives of CCl4.
As expected, MDA, a product of LPO, was increased in rat
liver by CCl4 induction. However, the results showed that N.
sativa significantly reduced MDA formation. In other words,
the mechanism of the inhibitory effects, by which the N. sativa
protects against LPO, may involve radical scavenging capa-
bility. This observation implies that these plant extracts may
provide phytochemicals that inhibit LPO in the rat liver. In the
present study, the development of liver cell injury by the
administration of CCl4 was associated with a significant
increase in hepatic lipid peroxide content and a significant
decrease in hepatic total sulfhydryl content, a potent factor in
the control of LPO.30
In addition, the antioxidative activity and/or the inhibition
of free radical generation are important in terms of protecting
the liver from CCl4-induced damage.
31 Thus, antioxidative
enzymes also play an important role in the detoxification of
xenobiotics, catalyzing their conjugation with reduced GSH.
The antioxidative and free radical scavenging activities of
many substances have been assessed, and many substances
that possess antihepatotoxic activity also show strong anti-
oxidative activity.32
In this study, exposure to CCl4 caused GSH depletion and
decreased activities of SOD, CAT, GPx, and GR, as well asan increased level of LPO in the liver, implying the down-
regulation of numerous antioxidative reactions in the liver.
The GSH antioxidant system plays a fundamental role in
cellular defense against reactive free radicals and other
oxidant species. This system consists of GSH and an array of
functionally related enzymes, of which GR is responsible for
the regeneration of GSH, whereas GPx works with GSH in
the decomposition of hydrogen peroxide and other organic
hydroperoxides.33 GPx and GR activities were significantly
reduced in the toxic group when compared with controls. It is
conceivable that N. sativa may be initially ascribed to
a reduction and inhibition of the GSH-related enzyme
activities and then restoration of the GSH content in CCl4-
induced liver damage. Gpx plays a pivotal role in H2O2
catabolism and the detoxification of endogenous metabolic
peroxides and hydroperoxides which catalyze GSH. Anti-
oxidant activity and the inhibition of free radical generation
are important in terms of protecting the liver after treat-
ment.34 A sufficient amount of GSH thus increased the
detoxification of active metabolites through the involvement
of GPx.35
Animals pretreated and treated with N. sativa showed
a significant reduction in the levels of hepatic peroxidative
markers with concomitant improvement in the hepatic anti-
oxidative defense system. Phytochemicals have also been
shown to stimulate the synthesis of antioxidant enzymes and
detoxification systems at the transcriptional level through
antioxidant response elements,36 and to increase g-glutamyl
cysteine synthesis.37 This suggests that N. sativa may be
protecting against the oxidation on hepatic cellular membrane
damage via free-radical scavenging property.
The hepatoprotective activity of the aqueous extract of
N. sativa was studied on CCl4-induced liver toxicity in rats.
Hence, the hepatoprotective effect observed in the present
study may be mainly due to the presence of phenolic
compounds in N. sativa, which exhibited prominent antioxi-
dant and hepatoprotective potential against CCl4-induced
damage, in accordance with the description on the pharma-
cological properties of phenolic compounds in the aforemen-
tioned reports.
113N. Krishnan, S. Muthukrishnan / Journal of Acute Medicine 2 (2012) 107e113Phytochemical analysis based on HPTLC indicated the
presence of various phenolic compounds, which may
contribute to the pharmacological activities of N. sativa. Our
findings support the reported therapeutic use of this seed as
a hepatoprotective agent in the Indian system of medicine.
Further studies are needed to explore the possible mechanism.
Acknowledgments
The first author is grateful for the financial support
provided by the UGC-Rajiv Gandhi National Fellowship,
which made this investigation possible. The authors also thank
Periyar University, Salem 11, for providing facilities during
the course of this study.
References
1. Hasegawa R, Chujo T, Sai-Kato K, Umemura T, Tanimura A,
Kurokawa Y. Preventive effects of green tea against liver oxidative DNA
damage and hepatotoxicity in rats treated with 2-nitropropane. Food Chem
Toxicol. 1995;33:961e965.
2. Minami K, Saito T, Narahara M, Tomita H, Kato H, Sugiyama H. Rela-
tionship between hepatic gene expression profiles and hepatotoxicity in
five typical hepatotoxicant administered rats. Toxicol Sci.
2005;87:296e305.
3. Wolf PL. Biochemical diagnosis of liver diseases. Indian J Clin Biochem.
1999;14:59e90.
4. Hollman PCH, Katan MB. Dietary flavonoids: intake, health effects and
bioavailability. Food Chem Toxicol. 1999;37:937e942.
5. Matthews HB, Lucier GW, Fisher KD. Medicinal herbs in the United
States: research needs. Environ Health Perspect. 1999;107:773e778.
6. Bourgou S, Ksouri R, Bellila A, Skandrani I, Falleh H, Marzouk B.
Phenolic composition and biological activities of Tunisian Nigella sativa
L. shoots and roots. C R Biol. 2008;331:48e55.
7. Atta MS. Some characteristics of Nigella (Nigella sativa L.) seed culti-
vated in Egypt and its lipid profile. Food Chem. 2003;83:63e68.
8. Boskabady MH, Mohsenpoor N, Takaloo L. Anti-asthmatic effect of
Nigella sativa in airways of asthmatic patients. Phytomedicine.
2010;17:707e713.
9. Al-Naggar TB, Go´mez-Serranillos MP, Carretero ME, Villar AM.
Neuropharmacological activity of Nigella sativa L. extracts. J Ethno-
pharmacol. 2001;88:63e68.
10. Swamy SM, Tan BK. Cytotoxic and immunopotentiating effects of
ethanolic extract of Nigella sativa L. seeds. J Ethnopharmacol. 2000;70:
1e7.
11. Reitman S, Frankel S. A colorimetric method for the determination of
serum glutamate oxaloacetate transaminases. Am J Clin Pathol. 1957;28:
56e63.
12. King EJ, Armstrong AR. A convenient method for determining serum and
bile phosphates activity. Can Med Assoc J. 1934;31:376e381.
13. King J. The hydrolases-acid and alkaline phosphates. In: Practical Clin-
ical Enzymology. London: D. Van Nostrand Company Limited; 1965.
14. King J. The dehydrogenase or oxidoreductaseelactate dehydrogenase. In:
Practical Clinical Enzymology. London: D. Van Nostrand Company
Limited; 1965.
15. Das S, Vasisht S, Das SN, Srivastava LM. Correlation between total
antioxidant status and lipid peroxidation in hypercholesterolaemia. Curr
Sci. 2007;78:486e487.16. Sinha AK. Colorimetric assay of catalase. Anal Biochem. 1972;47:
389e394.
17. Addy SK, Goodman RN. Polyphenol oxidase and peroxidase activity in
apple leaves inoculated with a virulent strain an Erwinia amylovara.
Indian Phytopathol. 1972;25:575e579.
18. Beutler E. Red Cell MetabolismdA Manual of Biochemical Methods. 3rd
ed. New York: Grune and Stratton, Academic Press; 1984.
19. Rotruck JT, Pope AL, Ganther HE, et al. Selenium: biochemical role as
a component of glutathione peroxidise. Science. 1973;179:588e590.
20. Balinsky D, Bernstein RE. The purification and properties of glucose-6-
phosphate dehydrogenase from human erythrocytes. Biochem Biophys
Acta. 1963;67:313e315.
21. Moron MS, Bepierre JE, Vik BM. Levels of glutathione, glutathione
reductase and glutathione-S-transferase activities in rat lung and liver.
Biochem Biophys Acta. 1979;582:3170e3185.
22. Sedlack J, Lindsay RH. Estimation of total protein bound and non-protein
bound sulphydryl groups in tissue with Ellman’s reagent. Anal Biochem.
1968;25:195e205.
23. Buege J, Aust SD. Microsomal lipid peroxidation. In: Colowick SP,
Kaplan NO, eds. Methods in Enzymology. New York: Academic Press;
1978:302e311.
24. Mansour MA. Protective effects of thymoquinone and desferrioxamine
against hepatotoxicity of carbon tetrachloride in mice. Life Sci.
2000;66:2583e2591.
25. Chenoweth MB, Hake CL. The smaller halogenated aliphatic hydrocar-
bons. Annu Rev Pharmacol. 1962;2:363e398.
26. Sallie R, Tredgeri JM, William R. Drugs and the liver. Biopharmaceut
Drug Dispos. 1991;12:251e259.
27. Walker RM, Racz WJ, Mcelligott TF. Acetaminophen-induced hepato-
toxicity in mice. @@@Lab Invest. 1980;42:181e189.
28. Van de Straat R, Van de Vries J, Debetes AJJ, Vermueulein NE. The
mechanism of paracetamol-induced hepatotoxicity by 3,5-dialkyl substi-
tution: the role of glutathione depletion and oxidative stress. Biochem
Pharmacol. 1987;36:2065e2071.
29. Ooi VEC. Hepatoprotective effect of some edible mushrooms. Phytother
Res. 1996;10:536e538.
30. Younes M, Siegers CP. Lipid peroxidation as a conssequence of gluta-
thione depletion in rat and mouse liver. Res Commun Chem Pathol
Pharmacol. 1980;27:119e128.
31. Manibusan MK, Odin M, Eastmond DA. Postulated carbon tetrachloride
mode of action: a review. J Environ Sci Health C Environ Carcinog
Ecotoxicol Rev. 2007;25:185e209.
32. Hwang YP, Choi JH, Jeong HG. Protective effect of the Aralia con-
tinentalis root extract against carbon tetrachloride-induced hepatotoxicity
in mice. Food Chem Toxicol. 2009;47:75e81.
33. Mak DH, Ip SP, Li PC, Poon MK, Ko KM. Alterations in tissue gluta-
thione antioxidant system in Streptozotocin induced diabetic rats. Mol
Cell Biochem. 1996;162:153e158.
34. Campo GM, Squadrito F, et al. Reduction of carbon tetrachloride-induced
rat liver injury by IRF 1042, a novel dual vitamin E-like antioxidant. Free
Radic Res. 2001;34:379e393.
35. Bhandarkar MR, Khan A. Anti hepatotoxic effect of Nymphaea stellata
against carbon tetrachloride-induced hepatic damage in albino rats. J
Ethnopharmacol. 2004;91:61e64.
36. Masella R, Benedetto RD, Vari R, Filesi C, Govannini C. Novel mecha-
nisms of natural of natural antioxidant compounds in biological systems:
involvement of glutathione and glutathione-related enzymes. J Nutr Bio-
chem. 2005;16:577e586.
37. Kim MK, Lee HS, Kim ET, Won NH, Chi YM, Kim BC. Protective effect
of aqueous extract of Perilla frutescens on tert-butyl hydroperoxide-
induced oxidative hepatotoxicity in rats. Food Chem Toxicol. 2007;45:
1738e1744.
